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Introduction : Inflation

Observations from the Cosmic Microwave Conformal Time
Background (CMB) :

T0 ¢

® Universe is very flat : 2 ~ 0

— Flatness problem Past Light-Cone

® Very small thermal fluctuations, but
events are causally disconnected
—> Horizon problem

Last-Scattering Surface

Recombination /\/
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Introduction : Inflation

Observations from the Cosmic Microwave
Background (CMB) :

® Universe is very flat : Qp ~ 0
— Flatness problem

® Very small thermal fluctuations, but
events are causally disconnected
= Horizon problem

Inflation gives a simple explanation
to both problems

Comp

Conformal Time
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Inflation

Past Light-Cone

Last-Scattering Surface
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Recombination

Reheating

Particle Horizon

Big Bang Singularity
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Introduction : Slow-roll Inflation

Scalar fields ¢ dominated by their potential V' (¢) are good candidates to have an
accelerated expansion :

Inflation characterized by slow-roll

v (q'ﬁ) parameters :
A __H MR (V@)Y
= - =7 () <1 O
¢ , V" (9)
= _~M 1 2
@, Pend reheating
Ao
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Introduction : Slow-roll Inflation

CMB/Planck observations lead to precision tests for inflationary models :

® Duration : [Planck Collaboration, arxiv :1807.06211|

—n (%end) — [Pend do
N = In (%) = 74 92~ 60

0.20

! v TT,TE EE-+HowE +lensing
TT,TE EE-HowE-+lensing
+BK15

TT,TE EE-HowE-+lensing
+BK15+BAO

Natural inflation
Hilltop quartic model
w attractors
Power-law inflation
R inflation

Vg

Vol

Voo

Vo

Low scale SB SUSY
N.=50

N.=60

® Scalar to tensor ratio : r ~ 16 < 0.05

® Spectral index :
ns ~ 1 — 6+ 2n ~0.965

Tensor-to-scalar ratio (70.002)

® Power spectrum :

~ V(Do) -9
Pr = 242 Mpe — 2x10

0.00

0.94 0.96 0.98 1.00
Primordial tilt (n,)
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Questions

’ Can viable inflationary potential arise from BSM theories like composite models ? ‘

’ How inflation constrain such theories 7 What is the phenomenology ? ‘

Composite Inflation 25/10/2023 6/17



The model

® SU(N.) gauge theory, Ny Dirac fermions (Fundamental)

1 -
L= — 8, F 4 5 (i — mo) v

® Such theory can exhibit a walking regime :

(14

a, : IR fixed point
Qer = 382

i

i

H

i

mg A u [Matsuzaki, Yamawaki 05’
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N
The model

¢ In the IR, p < mp, a fermion and/or a gluon condensate (1)) ( (gg) ) can form.

RN

Chiral symmetry

Scale symmetry )
y 7 | — Dilaton

x(z)

Pions «——

é(z) = ¢*(x)TO Breaking

Breaking
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N
The model

¢ Chiral Lagrangian with Mp =1, U(x) = exp (%) :

L _1_ 1 f¢< > Ay ( )
= 5oR— 90y — 2 (X)) v [ utoru] — 24 (log X — 4
g 2t g IX fo { ] X &7

MOy [ x ) Moafy [ x )2 na] @
+ XX <fx> Tt [0+ 0t + 22 <fx> Tr (U - Uty

2
- Vo

[Cacciapaglia, Pica, Sannino 20’|
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N
The model

¢ Chiral Lagrangian with Mp =1, U(x) = exp (%) :

Kinetic terms

= SZR— 9,y — 2 2) Tr|o,UtorU log == — A
=g _2 2T { ' } gfx

>‘x51f4 X 3—Vm ; )‘x52f4 Y 2(3—"ay) e
+ 2X<fx> Tr[U+U}+4X<fX> Tr[(U—U)}

-V

[Cacciapaglia, Pica, Sannino 20’|
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N
The model

¢ Chiral Lagrangian with Mp =1, U(x) = exp (%) :

Kinetic terms Dilaton potential (CW)
Ao (1) e (e =)
—_ SZR— =9,y - 22 ) Tr|oUto*U| - log X — A
—g 2 2T g { ' } fe
MOufy (x P o, MO fy (x )
A XTEIx [ A Tr —_UH?
+ 25 <fx> e [U+ Ut + 25 <fx> (-t

-V

[Cacciapaglia, Pica, Sannino 20’|
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N
The model

¢ Chiral Lagrangian with Mp =1, U(x) = exp (%) :

Kinetic terms Dilaton potential (CW)
L 1. 1 1 (x >2 /\ ( )
—— DR — 5 0ux9"x <) Tx |9, UTO*U| — log o — A
V=g 2 & Ix { l } Fx
AO1 f;? X 3—¥m ; A2 f;% Y 2(3—4))
(X ! X T (7 — U2
+ 25 <,fx> Tr U+ U] + 25 <fx> (-t

-V

Pion mass

[Cacciapaglia, Pica, Sannino 20’|
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N
The model

¢ Chiral Lagrangian with Mp =1, U(x) = exp (%) :

Kinetic terms Dilaton potential (CW)
L 1. 1 5 x\? /\
—— DR — 5 0ux9"x () Tr |0,UT0HU | — (log - A)
V=g 2 : Ix { l } Fx
A 01 f;? Y 3—m _ A2 14 Y 2(3—4f)
A Tr f X [ A T _717h2
+ 25 <,fx> r|U+ Ut + 2 <fx> v - Uty
—V Pion mass 4 Fermi

[Cacciapaglia, Pica, Sannino 20’|
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N
The model

¢ Chiral Lagrangian with Mp =1, U(x) = exp (fd’) :

L _1_ 1 1 2 >\
= ~NZp__Z oy, T u _
= 05 R~ 500" (fx> T [9,Ut0nU ] <log ; A>
MO (x P 4 ANG2 Sy X\ o
+2<fx> Tr [U+U}+74 (fx) Tr [(U—U)}

-V
. . |[Leung,Love,Bardeen 89’|
* Lattice data : 0<mm=1l and 0<yy =<1 [LatKMI Collaboration 14°, 17]
. L\
e Composite theory : max(d1,02) S 5 <_¢>
X X

e De Sitter :
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N
The model

¢ [nflationary potential :

3—m 2(3—vay)
V(gzs,x):—AXalf;ﬁ(i) T in A62f4(f> Moz £ 4 2 (log——A)
X

Ix f¢ fx
+ W
(5)
® VEV requirements : V(¢o,x0) =0,  Vi(¢o,x0) =0 and  Vy(¢o,x0) =0
X0 = fxs o = [y arccosz(%1 for 0 <1 <269
2
Mfy i
Vo = 16 1+25 (24 vm — 74f>_852(1_’}’4f) (6)
1 63
A= 1 1+ 2572(7771 —Yaf) — 82(3 — yay)
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R
Inflationary Dynamics : Waterfall

2
m¢>0

| DA
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R
Inflationary Dynamics : Waterfall

S R 0.00002f"
2 ) 1+vym —2
* Xe=x(m}=0)=fy (ﬁ) e ’
®* dx<xe)=0 0.00001 |
3+ym—2va5 [
-1 9
© 60X > x) = focos gy (&)
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— 000000 .
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at x = Xe
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Constraints on the parameter space

® Rapid termination of inflation :

= Constrain : fy < f;vaterfall

‘mz > H?

¢‘¢=0, X=Xc+Ax

e Composite consistency :

1
max(dy,d2) S ﬁ (%)

fcomposite

¢

® De Sitter :

= Constrain : dy < 0$°

= Constrain : fs >

Composite Inflation
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Constraints on the parameter space

® Setting v, = vay = 1, we have 5 free parameters : 01, 92, Xx, fy, A¢

e CMB observations (ns, N, Pg) allow us to fix 3 paramaters : 1, da, X«

Ym:11 Var = 1

15 ® Predictions :

|
My | ~ 101 Gev
10 X0,%0

Composite

f,/Mp

o ~ 10 GeV

X07¢0
0.5f

Hips ~ 1010 GeV

0.0
0
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Constraints on the parameter space
® Dependence on 7, and 45 :
Ay=fy , Yym Dependence Ay=fy . var Dependence
2.0 — — 2.0 . . , . . —
1.5 : 1.5
Q l’ ,” ll' N 'l'
= 10 b = 1.0}
X K . Ym=1 w2 K
. — yn=0.75 ‘ Yar=1
0.5 S s 0.5 R
_—"'/ — Ym=0.25 — V4r=0.5
A A A 0 O A A
3 4 5 6 7 0 5 6 7
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Conclusion

e [nflation provides a simple way to answer the Flatness and Horizon problems
e [nflation requires a particle to drive the accelerated expansion

= Test if BSM theories can provide a successful framework for inflation

® Study for a composite gauge theory

— Compatibility with CMB observations constrains a lot the parameter space of such
theories

® Next : Reheating ? Topological defects 7 Gravitational waves production ?
Non-minimal coupling ?
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R
Walking Regime

® Beta function : 32°P(a) = uaﬂ —boa? — b1a?

1
2472

b —i(uN — 2Ny) b 34N? — 10N.N —3N3_1N
0_67'(' c ) 1= ciVf N f

[

by _ Am(11-2nj)
bi — Ne(13n;—34)

® Intrinsic scale : A = pexp (— fa(‘ﬂ) ﬂQli‘;(a)>, leads to a(u?) = WV(OE—*)’"“’")

e [R fixed point : a, =

IR o 2\UV 1

= a(p?) W a(p) boIn &

=—> Walking regime for yu < A
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Walking Regime

¥
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R
Walking Regime

-1

e Miranski scaling : mp ~ 4\ exp < - >

Qcr
3

2
= fle) = fex = -2 (2 - 1)

e Solving this equation yields : a(u) = acr <1 + 1n2”2u>
mp

=—> Walking regime for p > mpg

® Conclusion : Walking regime for mp < u < A where o ~ o, ~ aer
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R
Single field inflation

e Corresponds to ¢ = 0, d2 = 0 such that :

4 X S Ax 4 X single single
V(¢ =0,x) =—Adfy JTX + 71X log E —A +V (7)
: 1
Asmgle — 1 + 51 (’Ym — 3) (8)
single 1
Ve = A (14401 (1 + 7)) (9)
16

—> CMB observations (ns, N, Pr) fix (Ay, fy,X+)
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R
Single field inflation
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